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Abstract 
This article proposes a project support system which employs 
process descriptions as vehicles of exchanging activity plans between 
a project manager and developers. The system provides cooperative 
specification of actual, detailed and executable process descriptions to 
project staffs, and stepwise particularizes process descriptions 
according to the project progress. Also, by handling the detailed 
process descriptions, the system generates candidates of more 
effective project plans and makes it possible to control individual 
processes of staffs in advance. This article also proposes. the 
graphical process representation method which is formal but intuitive 
and comprehensible. 
1 In trod uction 
In a large software project, the projcct goals are attained by 
cooperati<;m of a large number of project staffs. In order to lead the 
project to the goals, it is significant for the manager to contrOl. and 
coordinate individual activities of the staffs, smoothly and fleXIbly. 
Recently, there exist a lot of researches to investigate such software 
development activities. and lots of software process models and 
description methods have been proposed [I, 2, 3, 4,5]. Also, some 
process-centered software environments have been implemented [5, 
6], each of which Invokes CASE tools according to pre-sp.ecified 
software process descriptions. By using these environments, software 
processes of individual developers can be guided to their goals. 
On the other hand, it has been pointed out that· it is often 
. difficult to specify software process descriptions in detail [7]. For 
example, nobody can determine the number of actual products, their 
proPerties and relationships at the beginning of a project.. Because of 
the uncertainties, it is diffjcult to detail software processes 
corresponding to those products. Also, it is impracticable to I?rovide 
process descriptions in advance to individual staffs. Because software 
prOCesses depend on their human factors such as their skills; habits 
and so on, and nobody can' provide such a wide variety of process 
descriptions. Namely, software engineers urgently need to establish 
how to provide actual, detailed and executable process descriptions to 
the process-centered software environments. 
To solve the problem, we have been studying a project support 
system which enables stepwise particulwization of software process 
descriptions [8]. The essential idea is to employ process descriptions 
as vehicles of communicating with a large number of project staffs. 
The system allows a project manager to describe overall process 
descriptions as his/her project plan and allows individual staffs to 
concretize the process descriptions so as to meet their skills, habits 
and so Qn. By the cooperative process description, the process 
descriptions may be stepwise particularized prior to .the process 
practice. Moreover, the system calculates the priority of processes 
from the particularized process descriptions in order to suggest more 
efficient project plans. Consequently, the system m~es .it possible 
. to obtain actual, detailed and executable process descnptJons and to 
apply mose descriptions to actual software projects. . -
In thi~. article, Section 2 outlines the project support system. 
Then, Section 3 explains the prvcess representation method and the 
fundamental mechanism of handling process descriptions. Section 4 
illustrates one of the system functions which obtains the priority of 
e-mail: oglhara@lcs.osaka-u.aqp.moue@lcs.osaka-u.ac.JP 
actual processes from the particularized process descriptions. Using a 
simple example, the system capabilities are introduced in Section 5. 
Finally, several issues remaining for future work are presented in 
Section 6. 
2 Project Support System . . . . . 
The project support system IS composed of a project plannmg 
subsystem for a manager and procjJss management subsystems for 
staffs [7]. The system overview is shown in Fig. 1. 
2.1 Project Planning System 
The project planning system interacts with a manager and staffs 
via the process management systems, 'and gathers stepwise-
particularized process descriptions to inform .the manager of the 
project plan and progress. Moreover, the syst~m c~lculates the 
priority of individual processes from the parl1cularlzed process 
descriptions to suggest more efficient projec.t plans to the manag~r. 
The following illustration refers to the planmng system as shown m 
Fig. 1. . . . . 
(1) The manager describes overall process descnpuons of the project. 
The process descriptions represent templates of processes ~~d 
products as the project policy. and staffs assignment to those 
processes as the project plan. . . 
(2) The system decomposes the project plan into individual star.fs' .. 
Then, the system delivers the individual plans to the correspondmg . 
staffs to allow the staffs to concretize the plans. . 
(3) The system integrates the concretized plans to reconstruct the 
overall projcct plan. The reconstructed project plan is presented to the 
manager as the actual plan and progress. 
(4) The system analyzes the actual project plan and calculates the 
priority of actual processes so as to minimize the loss of the project, 
which is the total time of the staffs waiting for any process. 
(S) The manager verifies the suggestion of the system and delivers 
the orders to the corresponding staffs through the system. . 
Thus the above· routine is repeated until the project goals have 
been acc~mplished. The system enables the manager to flexibly 
control his/her project. 
project planning system process management systems 
project process perso.na! process 
descriptions descnptlontroducts 
if':";~--"", 8(2) delivering PI~8 
(5) and orders 0 
I[jl ~Ian---.-. I_....JL.--=::::Il~~-::F ~ developers 
I' (D) products 
.lQl~ 
Fig. 1 a project support system 
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2.2 Process Maenagement System 
The process mal\agement system inieracts with a staff and 
manager via the project planning system, and allows the staff to 
specify actual, detailed and executable process descriptions as hislher 
own plan. Moreover, the system invokeS CASE tools according to 
the process descriptions in order to lead his/her processes to hislher 
goals. The following illustration refers to the process management 
system as shown in Fig. 1. . 
The system (A) allows the staff to concretize his/her plan derived 
from the OVerall project plan, so as to meet his/her own skills and 
habits, (B) interprets the concretized plan to invoke CASE tools. 
appropriate for the processes to be practiced, (C) monitorS the current 
state of the :staff to report his/her progress to the manager, and (D) 
allocates necessary software products during the process practice. 
3 Process Representation Method 
The proj~ct support system employs two kinds of directed 
graphs as the graphical process representation method. One is called a 
Project Process Graph and the other is called a Personal Process 
Graph .. 
3.1 Project Pro.cess Graph 
The Project Process Graph is defined as a six-tuple CA, T, I, 0, . 
S, G), where A: is a set of products, T: is a set of processes, I: is a 
set of relationships between processes and input products; I:T->A, 0. 
is a set of relationships between processes and output products; O:T-
>A, S: is a set of project staffs, and G: is a set of relationships 
between processeS and assigned staffs; G:T->S. 
Fig. 2 shows an example of the Project Process Graph. 
. . 81 82,83 
~~~C&J 
F.ig. 2 an example of the Process Graph 
3.2 Personal Process Graph 
The Personal Process Graph is defined as an eight-tuple (Ap, Tp, 
Ip, Cp, Sp, Gp, Lp, Np); where Ap: is a set of actual products, Tp: 
is a set of actual processes, Ip: is a set of relationships between 
actual processes and~actual input products; Ip:Tp->Ap, Op: is a set of 
relationships between actual processes and actual output products; 
Op:Tp->Ap, Sp: is a set of staffs, Gp: is a set of relationships 
between actual processes and assigned staffs; Gp:Tp->~p, Lp: is a set 
of iools, and Np:. is a set of relationships between actual processeS 
and tools; Np:Tp->Lp. . 
Fig. 3 shows an example of the Personal Process Graph. The 
nodes fpl, fp2· and fp3 show tentative processes which input the 
products of A21, A22 and A23. The tentatives are as$umect by the 
staff S 1 according to the dependencies· between A21, A22 and A23. 
For example, fpI which needs A2I, must refer to A22, Namely, the 
tentative processes show candidates of actual processes subsequent to 
the processes TIL . 
·~=z:: 
Fig. 3 an example of the Personal Process Graph 
~ . . 
3.3 Process Graph Decomposition and Integration 
The Project Process Graph is decomposed into the Personal 
Process Graphs for individual staffs. Fig. 4 shows an example of the 
decomposition procedure, where Fig. 4(A) shows the Project Process 
Graph and Fig. 4(B) shows the Personal Process Graph for the staff 
S 1. (1) First, the processes Tl and T2 described in the.. Project. 
PrOCess Graph, are classified according to the assigned staffs S 1. S2 
and S3~ (2) Then, the products Al and A2, are also classified 
according to the classification of processes. (3) After all, the Personill 
Process Graph for SI is derived as shown in Fig. 4(B) .. Then, the 
Personal Process Graphs is equivalent to a subgraph of the Project· 
I 
Process Graph, where . 
ApsA, TpST;IpsI, OpsO, SpsS and GpsG. 
The Project Process Graph is reconstructed by integrating the 
Personal Process Graphs concretized by the staffs. Fig. 4 includes 
also an example of the integration procequre, i.e., Fig. 4(C) shows 
. the Personal Process Graph concretized by the staff Sl and Fig. 4(D) 
shows the reconstructed PrOject Process Graph. 
(1) First, a part of the Project ProceSs G. Iph of Fig. 4(A), which 
corresponds to the subgraph of Fig. 4(B). is replaced with the 
Personal Process Graph shown in Fig. 4(C). Then, Lp and Np are 
dismissed from ·the Project Process Graph. Because such detailed 
information specific to the process practice is not necessary for th~ . 
(A~ 81 8283 
A1. %1 :!:Lu: (E) 
(~ . 
~ T1 -----I A21 
Fig.4: an example of ·proce.ss graph 
decpmposition and integration 
manager to control the overall project. (2) Next, the tentative 
processes fpl, fp2 and fp3 shown in Fig. 4(C) are identified with the 
process T2 shown in Fig. 4(A). This is because the tentative 
processes show candidates of actual processes corresponding to T2 
and subsequent to the process Tl. The process T2 is copied into the 
tentative processes fpl. fp2.and fp3. (3) Finally, the Project Process 
Graph is reconstructed as shown iii Fig. 4(D). In the graph, A, T, I, 
. 0 and G are concretized by the staff S 1 with Ap, Tp, Ip, Op and Gp. 
4 Calculation ()f the Process Priority 
According to the procedure described in Section 3, a Persomil 
Process Graph is integrated into a Project Process Graph by the 
project support system and the modifier of the Personal Process 
Graph may start to practice the processes. Then, the graph does not 
indicate a sequence of the processes to be practiced by the staff. 
However, it is certain that the process sequence determines a sequence 
of the pro!iucts produced by the staff and that the product sequence 
determines the waiting time of the other staffs in charge of 
suosequent processes. Therefore, the project support system 
calculates the priority of the processes to minimize the waiting time 
by simulating the Project Process Graph when the needed time of 
each process is estimated by the staff. 
First. the system finds every activated process where actual 
prod\lcts have been provided. Then, the system simulates each of the 
processes and calculates the waiting time of the other staffs in charge 
of subsequent processes. Next, supposing that the processes have 
been finished, the system finds every newly aetivated processes and 
calculates the waiting time again. Finally, the system iterates the 
routine until the number of the activated processes for which the 
other staffs are waiting comes to be more than the number of the 
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staffs. As the result, -the system obtains the process sequence which 
minimize the total time of waiting staffs. -
Using the Project Process Graph example of Fig. 4(D). the 
following illustrates the calculation procedure. 
Before the illustration. let us assume the following constraints 
and situation: 
- both S2 and S3 begin the wailing state when S 1 starts the process 
T11, 
- either S2 or S3 begins any of the processes TIl. TI2 and TI3 as 
soon as it becomes ready. 
- the waiting time of a staff is counted during his/her waiting state 
for any process. 
- it has been reported by the practitioner S I that it takes one hour 
respectively to finish the processes TII.TI2 and TI4 • and that it 
takes two hours for Tl3. 
Goal The goal of the calculation is to obtain a sequence of the 
processes TIl. TI2. T13 and-TI4 to minimize the total waiting time 
of all staffs for any_ of the processes TIl. T22 and TI3. 
Procedure All possible sequences of the processes TIl. T12. T13 
_ and T14 may be represented in tree-style as shown in Fig. 5. Each 
node corresponds to any-of the processes T11;TI2. T13 and Tl4. 
The parentheses show the total waiting time for any of the processes 
TIl. T22 and T23. and the number of the processes which have 
become ready. Constructing the tree. the system performs the 
breadth-first search for a node whose total waiting time is smaller 
(3) (2) .....---T13 T14 
T12 ___ I'"~ (8.1) (9.3) 
/
(4. 0) ~ T14 T13 
(3) (6.1) (8,3) 
(1) (2) ___ T12 - T14 
T11 -113 ---@l. 8,1 (9,3) 
(2'0)~(6.0) . T14 
(8,2) 
2) (3) T12 T13 
T14 _ (5.1) (7.3) 
(4.1) ~T12 
'.. ~ - (6,3) 
Fig.5 : an example of possibl~ process sequences 
-than any others and whose total of the processes is not less than the 
number of the staffs. The latter constraint shows that the practice of 
the path from the root node to the searched node may release all of . 
the staffs from the waiting state. The former shows that the sequence 
of the processes minimizes the total waiting time of the staffs. The 
following refers to Fig. 5. 
(1) First of all. the practitioner S 1 may start the process TIl. The 
system places Til as the rOOt node of the tree. Since it takes on~ 
hour for Sl to finish TIl. the total waiting time of the staffs S2 and 
S3 is counted two hours. Even if the products All. AI2 and A13 
have been provided. any of the processes TIl. T22 and T23 can not 
be started. (2) Next. any of the processes T12. T13 and Tl4 may 
follow Tll. The system calculates each total waiting time and total 
number of the processes as shown in Fig. 5(2). The execution of 
Tl4 produces the produc-ts A23 and may allow either S2 or S3 to 
start the process T23. The total of the processes is counted one. (3) 
Moreover. the system places the processes T13 and TI4 subsequent 
to the process TI2 created by the above step. TI2 and TI4 
subsequent to TI3. and TI2 and T13 subsequent to Tl4. Each 
calculation result shows in Fig. 5(3). Each execution of TI4 and T13-
which are surrounded .by a solid line, may release all of the staffs 
from the waiting state since the total number of the processes is not 
less than the number of the staffs. The total waiting time of TI3 is 
smaller than that of the other nodes excluding the node TI2 
surrounded by a broken line. (4) Because of the above result, the 
system continues to investigate only the sequence of T11. T14. TI2. 
After the result. the system finds out that the sequence of Tll,Tl4 
and Tl3 is more effective than the sequence of TIl. Tl4, TI2 and 
Tl3. _ 
Finally. the process sequence of Til • Tl4 and Tl3 is suggested 
to the manager b5' the system. in' order-to minimize the loss of the 
project. . -
5 Project Support Example 
This section introduces the capabilities of the project support 
system. -using a small project example. The project goal is to 
produce some program modules from the system specifications of 
system X. The project consists of a project manager and staffs A. B 
~C _ .. 
(1) The project manager outlines the Project Process Grnph as the 
project plan: :., 
Using a graph editOr provided by the project planning subsystem. the 
manager may. specify the project guidelines con~ming with software 
processes. products. staffs and so on. In the example shown in Fig. 
6, the Project P~ocess Graph shows that the project should produce 
some pr~gram specifications to ensure the quality and 
maintenanceability of program modules. For the execution of 
programming-process. the manager provides the two staffs Band C. 
Because it is assumed that system X is composed of m\!ltiple 
program modules and progriunming-process is decomposed into some 
processes which may be executed in parallel. However, the manager 
_does not have information enough to concretize the process 
decomposition. 
a--------~st-a~ff~A--------~ 
staff B. staff C 
X-system-
specification 
I -
Fig.6 : an example of the Project Process Graph 
Flow Chart editor 
Fig.7 ; Particularized P~rsonal 
Process Graph Example 
(2) The project planning subsys~m deli~ers ttie Project Process 
Graph as orders to the staffs. . 
Since the product of X-system-specifications has already been 
provided to the project. the prO):ess of program-design can be started 
by the staff A. The system derives hislher Personal Process _Graph 
from the Project Process Graph according to the decomposition 
procedure as illustrated in Section 3.3. The part of Fig. 6. which is 
surrounded by a solid line. shows the Personal Process Graph of the 
staff A. 
(3) The staff A concretizes hislher Personal- Process Graph as -his/her 
own plan. 
The process management subsystem presents the delivered Personal 
Process Graph to the staff A and provides X-system-specifications. 
Analyzing the system functions from the specifications. the staff A 
customizes his/her Personal Process Graph to achieve hi.s/her goal of 
producing some program-specifications. Fig. 7 shows the concretized 
Personal Process Graph so as to meet his/her skill, habit and 
- personal tool" environment. The concretion may be attained only by 
his/her understanding the specifications. This is because concrete 
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processes often depend on the system/program functions. 'In the 
graph, C~SE tools of a DFD (Data Flow Diagram) editor, Flow 
Chart editor and ERD (Entity-Relationship Diagram) editor are 
assigne? to t~e processes of function-decomposition, main-
transac~lOn-deslgn, sub-transaction-design and DB-scheme-design, 
respec'lVely. Moreover, he/she estimates the needed time to finish 
each concrete process as follows: one hour respectively for function-
decomposition, main-transaction-design and DB-scheme-design, and 
two hours for sub-transaction-design, The estimation and the 
concretized Personal Process Graph are reported as hislher own plan 
to the manager. 
(4) The project planning subsystem concretizes the Project Process 
Graph as the detailed project plan. ' 
!he subsy~u;m' inte~ates the concretized Personal Process Graphs 
mto the ongmal Project Process Graph according to the integration 
proced~ as described in Section 3.3. The concretized Project Process 
Graph IS presented for the manager to grasp the project plan and 
progress in detail, as shown in Fig. 8. 
(5) The project planning 'subsystem creates the suggestion on the 
process priori ty. ' ' 
Using the estimation of needed time and the concretized Project 
, Process Grap~, the subsystem obtains the process sequence of the 
staff ,A to minimize the loss of the project and to promote the project 
progress effectively, as illustrated in Section 4. The proc'ess sequence 
is shown in Fig. 8 as function-decomposition-process followed by 
DB-scheme-design-process followed by sub-transaction-design-
process. Then, the loss of the project, the total time of the waiting 
staffs is counted six hours. 
(6) The manager verifies the suggestion and continues the above 
routine to control the project 
Simultaneously, each process management subsystem interprets the 
corresponding Personal Process Graph under the control from the 
manager, in, order to support the process execution for the 
corresponding staffs. 
6' Conclusion 
This article proposes the project support system which 
facilitates controlling a wide variety of project activities. The systeln 
employs process descriptions as vehicles of exchanging activity 
plans between the project manager and staffs, and provides the 
cooperative process description and stepwise particularization of 
process'descriptions. By the cooperative process description and 
stepwise particularization, the system realizes the applicatiori of 
process descriptions to actual software projects and promotes 
software development under strict and flexible project management 
and process management This mechanism solves the difficulties to 
detail process descriptions prior to process execution, and makes it 
possible to coordinate a large number of processes in advance. Also, 
this article proposes the graphical process representation method 
which is formal but intuitive and comprehensible. 
The issues remaining for future researches are as follows:' (1) 
evaluation of the graphical process representation, (2) 
implementation and evaluation of the project support system, and (3) 
experimental application of the system to actual projects. 
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